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co the Editor: Transient left ventricular apical ballooning syn-
rome (LVABS), also known as Tako-Tsubo or stress-induced
ardiomyopathy, is a recently described clinical condition,
argely confined to female gender, that may mimic acute
yocardial infarction. It is characterized by chest pain, ischemic
lectrocardiographic changes, transient wall motion abnormal-
ties mainly in the midapical segments, and limited release of
ardiac injury markers in the absence of obstructive coronary
isease (1–4). The syndrome generally has a favorable outcome
2–4); however, occasional complications may occur. One
ossible, and potentially serious, complication is acute clinically
ignificant mitral regurgitation (MR). We sought to evaluate
he incidence, clinical findings, and outcome associated with
cute MR in patients with LVABS.
The study comprised patients consecutively admitted to our
nstitution for chest pain or dyspnoea who met the diagnostic
riteria for LVABS (2). Specifically, patients with angiographic
vidence of significant coronary stenosis, plaque rupture, throm-
osis, or spasm of major epicardial coronary arteries were excluded
rom the present registry.
Mitral regurgitation was graded as mild, moderate, moderate-
o-severe, or severe, based on a multiparametric Doppler evalua-
ion, including measurement of the vena contracta, maximal
egurgitant area-to-left atrial area ratio, and grading (1 to 4) of
olor flow imaging with parasternal and apical views. It was
onsidered clinically significant when moderate-to-severe or severe
i.e., with maximal area-to-left atrial of area ratio 50% in the
pical view, and a vena contracta 6 mm in the parasternal
ong-axis or apical view).
Continuous data were expressed as mean  standard deviation
nd categorical data as proportions (%). Comparisons were per-
ormed with the chi-square test and unpaired t test, as appropriate.
orward stepwise multiple logistic regression analysis was used to
dentify independent predictors of Killip class III to IV on
dmission and of acute MR. Hazard ratios (HRs) and 95%
onfidence intervals (CIs) were calculated. A value of p 0.05 was
onsidered statistically significant. Statistical analysis was per-
ormed with SPSS 11.5 for Windows (SPSS Inc., Chicago,
llinois).
From July 2003 to September 2006, 68 consecutive patients
ith LVABS were prospectively included in the study (Table 1).
f note, 4 patients (6%) were men. In the majority of patients
72%), antecedent emotional or physical stressors triggering
VABS was identified. Fourteen patients (21%) presented in
illip class III to IV. Urgent angiography did not show significant
oronary artery disease in any of the patients. Specifically, 54
atients (79%) had truly normal coronary arteries, whereas 14
21%) had subcritical coronary stenoses (50%) randomly located
n the coronary tree. mOn presentation, 14 of the 68 patients (21%) had significant
moderate-to-severe or severe) acute MR (Fig. 1). None were
ales. Patients with MR more often presented with pulmonary
dema or cardiogenic shock (Table 1). Indeed, echocardiographic
R grade was the only predictor of Killip class III to IV on
dmission (HR 2.24, 95% CI 1.11 to 4.50, p  0.024).
All the 14 patients had significant papillary muscle displacement
nd leaflet tethering, impairing coaptation. In addition, 5 patients
ith MR had mitral systolic anterior motion (SAM), associated
ith dynamic left ventricular (LV) outflow tract obstruction,
ontributing significantly to the degree of MR. These 5 patients
ad peak systolic LV outflow gradients ranging from 43 to 100
m Hg; 3 had grade 3 to 4 SAM, with mitral septal contact.
ignificant mitral valve leaflet sclerosis was present in only 4 of the
4 patients with MR (29%), and none showed mitral valve annulus
ilation.
Of note, patients with MR had significantly more depressed left
entricular ejection fraction (LVEF) on admission (Table 1). At
ultivariate analysis, EF on admission (HR 0.85, 95% CI 0.75 to
.96, p  0.009) and mitral SAM (HR 18.00, 95% CI 1.63 to
8.51, p  0.018) were the only independent predictors of acute
R. There was no difference in the prevalence of coronary stenosis
50% between patients with and without acute MR (29% vs.
9%; p  NS).
Predischarge LVEF was lower in the MR group, and LV
unction normalization was delayed (Table 1). Early improvement
f MR grade was observed in 11 of the 14 MR patients (79%); of
he remaining 3 patients, 2 showed no improvement and died
hile in the hospital and 1 improved to mild-to-moderate MR at
month follow-up. At discharge, no patient had evidence of
esidual LV outflow tract obstruction caused by SAM.
No patient died during hospitalization in the group without
R. Conversely, two 85-year-old women with severe LV dysfunc-
ion and MR died as the result of refractory cardiogenic shock and
efractory heart failure associated with pneumonia, respectively.
ollow-up was 9  6 months. An 83-year-old woman without
R died of sepsis 7 months after hospitalization. Thus, overall
ortality rates in patients with and without acute MR were 14%
nd 2%, respectively (p  0.044). No patient experienced LVABS
ecurrence during follow-up, and there was no difference in
ehospitalization rate between patients with and without acute MR
9% vs. 8%; p  0.911).
Left ventricular apical ballooning syndrome comprises 2% of
atients admitted for suspicion of ST-segment elevation acute
yocardial infarction (4) and should therefore not be considered
nusual in clinical practice. The syndrome has only recently been
escribed and remains largely unexplored in its entire spectrum of
linical and pathophysiological manifestations. In our cohort of 68
onsecutive, largely female patients with LVABS, 21% showed
oderate-to-severe or severe MR, which could largely be charac-
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August 14, 2007:647–51erized as functional and non–pre-existing, in that it disappeared
r became substantially milder after recovery of LV morphology
nd function.
Despite the generally benign nature of LVABS (2,4), the
ssociated presence of significant acute MR identified a subset of
atients at increased risk of acute deterioration and adverse
aseline Clinical and Echographic Characteristics of Patients With and With
Table 1 Baseline Clinical and Echographic Characteristics of Patients W
Variable
Overall Stu
(n 
Age (yrs) 74
Female 64 (9
Hypertension 39 (5
Diabetes mellitus 7 (1
Hypercholesterolemia 26 (3
Smoker 14 (2
Antecedent stressful event* 49 (7
Systolic blood pressure (mm Hg) 122
Diastolic blood pressure (mm Hg) 71
Heart rate (beats/min) 89
ST-segment elevation 51 (7
Killip class III or IV 14 (2
Creatine kinase-MB peak (U/l) 28
Time to peak creatine kinase (h) 5
Intra-aortic balloon pump use 9 (1
Calcium channel blockers at discharge 10 (1
Beta-blockers at discharge 37 (5
ACE inhibitors or angiotensin receptor blockers at discharge 53 (7
LV internal diameter (mm) 46
EF on admission (%) 33
EF at discharge (%) 49
LVEF 50% at discharge 36 (5
Time to EF 50% (days) 7
Mitral SAM 7 (1
With mitral-septal contact 4 (6
Mitral regurgitation grade 1.4
The nature of the stressful event was mainly psychological in 26 patients and included arguments
ecent diagnosis of systemic serious illness (n  3), fear of invasive procedure (n  2), minor car
n the remaining 23 patients the syndrome was triggered by strenuous physical exercise (n 2) or d
naphylactic reaction (n  2), epileptic attack (n  1), hip fracture (n  1), urinary tract infection
ACE  angiotensin-converting enzyme; EF  ejection fraction; LV  left ventricular; SAM  sys
Figure 1 Severe Acute Mitral Regurgitation Due to Left Ventric
Biplane 30° right oblique contrast left ventriculographic projection of 2 patients wi
frame). The typical wall motion abnormality pattern is characterized by “ballooning
mitral regurgitation is massive with contrast media spread in the left atrium and putcome. Indeed, MR represented the hallmark of the more severe
nd of LVABS spectrum, occurring preferentially in patients with
he lowest LVEF values. The combination of volume overload
aused by MR with severe LV dysfunction was a potent predictor
f hemodynamic derangement leading to hazardous clinical man-
festations, including pulmonary edema and cardiogenic shock.
ignificant Acute Mitral Regurgitation
nd Without Significant Acute Mitral Regurgitation
up
Patients With Acute
Mitral Regurgitation
(n  14)
Patients Without Acute
Mitral Regurgitation
(n  54) p Value
76 7 74 10 0.349
14 (100%) 50 (93%) 0.294
8 (57%) 31 (57%) 0.986
1 (7%) 6 (11%) 0.663
4 (29%) 22 (41%) 0.404
3 (21%) 11 (20%) 0.930
9 (64%) 40 (74%) 0.469
113 22 124 24 0.154
67 16 71 14 0.415
93 18 88 20 0.448
11 (79%) 40 (74%) 0.481
7 (50%) 7 (13%) 0.002
57 83 21 33 0.010
5 5 5 6 0.780
5 (36%) 4 (7%) 0.006
0 10 (19%) 0.081
9 (64%) 28 (52%) 0.405
10 (71%) 43 (80%) 0.510
47 5 46 5 0.670
26 7 35 9 0.001
41 11 52 9 0.001
3 (21%) 33 (61%) 0.008
9 4 7 4 0.057
5 (36%) 2 (4%) 0.0001
3 (21%) 1 (2%) 0.045
3.1 0.5 0.9 0.7 0.0001
atives or friends (n 10), sudden death of a family member (n 4), fall while home alone (n 3),
t (n  1), accidental entrapment in an elevator (n  1), and frustrating family situations (n  2).
related circumstances, such as exacerbation of chronic pulmonary disease (n 8), surgery (n 7),
), or relapse of myastenia gravis (n  1).
terior motion of the mitral valve leaflets.
Apical Ballooning Syndrome
ventricular apical ballooning syndrome and severe mitral regurgitation (systolic
e midapical segments and hyperkinesia of the basal segments. The resulting
ary veins. LA  left atrium; LV  left ventricle.out S
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August 14, 2007:647–51urthermore, patients with acute MR showed less complete and
lower recovery of LV function, occasionally associated with
ersistence of substantial regurgitation during follow-up.
The mechanism of acute MR during LVABS is likely due to
omplex and multiple mechanisms. Nevertheless, the main factor
nvolved seems to lie in the altered spatial relationship between
itral leaflets and the subvalvular apparatus, caused by the apical
allooning. Indeed, papillary muscle displacement was a constant
nding in all our patients with acute MR, leading to impaired
eaflet coaptation secondary to tethering. In addition, SAM
ccurred in 36% of patients with MR and appeared to play a
elevant role in determining the presence and degree of regurgita-
ion during the acute phase of LVABS, as well as causing
ignificant LV outflow obstruction (5). It is well known from
tudies on hypertrophic cardiomyopathy that SAM is almost
onstantly associated with variable degrees of MR, which may be
evere (6,7). In patients with LVABS, SAM may originate from
he combination of apical ballooning and distortion of the LV,
bnormal papillary muscle tethering forces, mitral valve displace-
ent, and proximity of midapical bulging and akynesia with
ypercontractile basal LV segments (5).
In addition, we cannot exclude the contribution of other
echanisms to acute MR, such as reduced papillary muscle
ontraction and absolute or relative decrease in LV preload.
onversely, a key role for mitral annulus dilation and structural
eaflet abnormalities seems unlikely based on our findings. Finally,
ignificant mitral leaflet sclerosis was found in the small number of
atients with delayed or absent improvement of MR. This finding
uggests that pre-existing degrees of valve degeneration or other
tructural abnormalities may be relevant in determining the extent
nd time-course of MR and its recovery in LVABS.
These observations imply that acute MR should be actively
ought and carefully evaluated in patients with LVABS, as a
otential marker of adverse clinical course requiring aggressive
reatment. Likewise, LVABS should be systematically considered
n the differential diagnosis of patients admitted for heart failure or
ardiogenic shock associated with acute MR.
nstrumental in developing optimal goals for therapy (i.e., cardiac
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obstruction. Circulation 2006;114:2232–9.Letters to the Editorn the Mechanisms of
ransmural Dispersion
f Myocardial Mechanics
he study by Ashikaga et al. (1) in the February 27, 2007, issue of
he Journal demonstrates left ventricular (LV) transmural gradient
ear the left anterior descending coronary artery (LAD) at the
nset of shortening and relaxation of myocardial fibers with
ransmural bead markers under biplane cineradiography. These
nesthetized open-chest dog studies provide novel insight and help
or a fuller understanding of what constitutes a normal cardiac
lectro-mechanical function. Such an understanding could beesynchronization therapy) after a disease disrupts stability (i.e.,
eart failure). Of note in this study was the observation that
ransmural gradients in contraction and relaxation developed in the
irtual absence of transmural gradient in electrical repolarization
shown by T-wave analysis of nearby transmural plunge bipolar
lectrodes). The authors suggest that the depth-dependent (trans-
ural) differences in myocardial mechanics result solely from the
omplex interactions of myofiber mechanics within and between
he layers due to myocardial cell architecture in the bundles (“tissue
ethering”) (1). Although tethering might influence regional me-
hanics and cause regional differences in the onset of contraction-
elaxation of the LV, the potential role of transmural differences in
ntracellular calcium ion (Cai
2) handling in the observed in vivo
radients of mechanics was dismissed (2). It is known that Cai
2levation is associated with the onset of contraction (shortening)
